A simple, efficient, and environmentally benign method has been developed for the synthesis of 2-amino-4H-chromenes under the heterogeneous catalysis of nanocrystalline magnesium oxide in aqueous media in excellent yields at room temperature. This method provides a green and improved pathway for the synthesis of chromenes in the terms of excellent yields, short reaction times and reusability catalyst.
Introduction
Multicomponent coupling reaction (MCR) is a powerful synthetic tool for the synthesis of biologically active compounds [1] [2] [3] . Development of such multicomponent coupling reaction strategies in aqueous medium has been of considerable interest, as they provide simple and rapid access to a large number of organic molecules through a sustainable path [4] . One important aspect of green chemistry is the elimination of solvents in chemical processes or the replacement of hazardous solvents with relatively benign solvents. Water being the most environmentally benign, cleanest, cheapest, nonflammable, and naturally occurring solvent having high specific heat capacity is the primary choice. Moreover, in water, significant rate enhancement was observed in many reactions [5] , because of hydrophobic interactions that induce a favorable aggregation of polar components in water [6] .
Heterocycles containing the chromene moiety show interesting features that make them attractive targets for MCRs. Among different types of chromene systems, 2-amino-4H-chromenes are of particular utility as they belong to privileged medicinal scaffolds serving for generation of small-molecule ligands with highly pronounced anticoagulant-, diuretic-, spasmolitic-and antianaphylactic activities [7] [8] [9] [10] [11] [12] . The current interest in 2-amino-4H-chromene derivatives arises from their potential application in the treatment of human inflammatory TNF␣-mediated diseases, such as psoriatic arthritis and rheumatoid and in cancer therapy [13] [14] [15] . Many of the methods reported for the synthesis of these compounds [16] [17] [18] [19] [20] are associated with the use of hazardous organic solvents, long reaction time, use of toxic amine-based catalysts, and lack of general applicability. Along with other reaction parameters, the nature of the catalyst plays a significant role in determining yield, selectivity, and general applicability. Thus, development of an inexpensive, mild, general, and reusable catalyst for MCRs remains an issue of interest.
As a part of our continued interest in catalysis by nanoparticles, recently, we found excellent selectivity of nanocrystalline magnesium oxide for a MCR leading to 2,4,5-trisubstituted imidazole derivatives in high yields without the formation of other byproducts [21] Magnesium oxide (MgO) has many applications as catalyst [22, 23] , refractory materials [24] , optically transparent ceramic windows [25, 26] , etc. Magnesium oxide with large specific surface area is also a potential catalyst support for various reactions and a promising sorbent for chemisorptions and destructive adsorption of a variety of pollutants. In the field of catalysis, MgO has strongly basic properties, which are associated with catalysis by bases in many organic reactions [27] . Nanoscale supports create catalysts with more edges and corners, which can lead to higher performance of the catalyst. In this paper, we report convenient and facile multi-component, onepot synthesis of 2-amino-4H-chromene in high yields by using nanocrystalline magnesium oxide with high specific surface area of approximately 116 m 2 g −1 and a crystallite size of approximately 12 nm as a novel and efficient catalyst in water at room temperature (Scheme 1).
Experimental

Materials
Chemical reagents in high purity were purchased from the Merck Chemical Company. All materials were of commercial reagent grade.
General
Melting points were determined in open capillaries using an Electrothermal Mk3 apparatus and are uncorrected. Infrared (IR) spectra were recorded using a Perkin-Elmer FT-IR 550 spectrom-eter. 1 H NMR and 13 C NMR spectra were recorded with a Bruker DRX-400 spectrometer at 400 and 100 MHz respectively. NMR spectra were obtained in DMSO-d 6 solutions. The element analyses (C, H, N) were obtained from a Carlo ERBA Model EA 1108 analyzer carried out on PerkinElmer 240c analyzer. XRD analysis was performed with an X-ray diffractometer (PANalytical X'Pert-Pro) using a Cu-Ka monochromatic radiation source and an Ni filter. Transmission electron microscopy (TEM) was performed with a Jeol JEM-2100UHR, operated at 200 kV.
Preparation of nanocrystalline MgO
Nanocrystalline MgO was prepared by means of a procedure reported elsewhere [28] . In short, poly(vinyl alcohol) (PVA, MW 70,000) was dissolved in water at 90 • C under vigorous stirring to form a transparent solution. Mg(NO 3 ) 2 .6H 2 O was dissolved in water containing PVA. The metal ion-to-PVA monomer unit molar ratio (M/PVA) was chosen as 1:3. Aqueous ammonia (25% w/w) was added dropwise at room temperature to the resulting viscous liquid mixture, with rapid stirring, to achieve careful pH adjustment to 10.5. After precipitation, the slurry was stirred for another 30 min and then heated under reflux at 80 • C for 20 h under continuous stirring. The mixture was cooled to room temperature, filtered, and washed with hot deionized water for effective removal of the poly(vinyl alcohol). The final product was dried at 80 • C for 24 h and calcined at 700 • C.
General procedure for the synthesis of 2-amino-3-cyano-7-hydroxy-4-substituted-4H-chromene derivatives
A mixture of resorcinol (1 mmol), aldehyde derivatives (1 mmol), malononitrile (1 mmol), H 2 O (5 ml) and nanocrystalline MgO (0.007 g) was stirred at room temperature for the appropriate time. After completion of the reaction (TLC monitoring), the nanocrystalline MgO was filtered off and the solvent was evaporated. The filtrate was concentrated to dryness, and the crude solid product was crystallized from EtOH to afford the pure 2-amino-3-cyano-7-hydroxy-4-substituted-4H-chromene derivatives. 
2-Amino-3-cyano-7-hydroxy-4-(3-hydroxyphenyl)-4Hchromene (4e)
IR (KBr): 
2-Amino-3-cyano-7-hydroxy-4-(2-fluorophenyl)-4Hchromene (4f)
IR ( 
2-Amino-3-cyano-7-hydroxy-4-(2-methoxyphenyl)-4Hchromene (4g)
2-Amino-3-cyano-7-hydroxy-4-(2,6-dichlorophenyl)-4Hchromene (4i)
2-Amino-3-cyano-7-hydroxy-4-(3,5-dimethoxyphenyl)-4Hchromene (4j)
2-Amino-3-cyano-7-hydroxy-4-(2-thienyl)-4Hchromene (4m)
2-Amino-3-cyano-7-hydroxy-4-(5-methylfuryl)-4Hchromene (4n)
2-Amino-3-cyano-7-hydroxy-4-(ethyl)-4Hchromene (4o)
2-Amino-3-cyano-7-hydroxy-4-(propyl)-4Hchromene (4p)
2-Amino-3-cyano-7-hydroxy-4-(hepthyl)-4H-chromene (4q)
4,4-(1,4-Phenylene) bis (2-amino-3-cyano-7-hydroxy-4H-chromene) (4r)
Result and discussion
In the preliminary stage of investigation we focused on systematic evaluation of different catalysts for the model reaction of benzaldehyde 1a, malononitrile 2, and resorcinol 3 at room temperature in aqueous conditions. A wide variety of catalysts including Nano-Mg/Al 2 O 3 , triethylamine, KOH, bulk MgO and nano MgO were employed to improve the yield for the specific synthesis of 2-amino-4H-chromene derivative. The results are presented in Table 1 . Interestingly, when the reaction was carried out in the presence of (4 mol%) nano MgO; it led to the desired product in 91% yield in 20 min (Table 1 , Entry 6). The high efficiency of the nanoparticle oxides is caused not only by their high surface area but also by the high concentration of low-coordinated sites and structural defects on their surface. As the particle size is scaled down to a few nanometers, the constituting atoms have highly defective coordination environments. Most of the atoms have unsatisfied valencies and reside at the surface [28] . The catalytic activity of nano-MgO was evident when no product was obtained in the absence of the catalyst (Table 1 , Entry 1).
The crystallite sizes determined by XRD were between 12.8 and 17.5 nm (determined by use of the Scherrer equation), indicative of the nanocrystalline structure of the prepared MgO. In addition the surface area was approximately 116 m 2 g −1 . The pore volume and pore size were also calculated from the N 2 adsorption result; the pore size was approximately 21.1 nm and the pore volume approximately 0.69 cm 3 g −1 . The TEM image of MgO is shown in Fig. 1 . As can be seen, the sample has a nanocrystalline structure with a plate-like shape [28] . Subsequent efforts were focused on optimizing conditions for formation of 2-amino-4H-chromene by using different amounts of nanocrystalline MgO to determine their effects on the reaction ( Table 2) . As indicated, the best result was obtained with 6 mol% nanocrystalline MgO. The reaction yield with increasing amount of nanocrystalline MgO was not substantially increased.
The efficiency of water as solvent compared to various organic solvents was also examined (Table 3) . In this study, it was found that water is a more efficient and superior solvent (Table 3, Entry 6) over other organic Fig. 1 . TEM image of nanocrystalline MgO [28] . solvents (Table 3 , Entries 1-5) with respect to reaction time and yield of the desired chromene.
Based on above observations, we conducted the same reactions using various aldehydes 1a-r, malononitrile 2, and resorcinol 3 in the presence of 6 mol% of Nano MgO under similar conditions. As expected, satisfactory results were observed, and the results are summarized in Table 4 . Interestingly, a variety of aldehydes including acyclic, aromatic, and heteroaromatic aldehydes participated well in this reaction (Table 4) . It is noteworthy that methodology worked well for spatially-hindered aldehydes (Table 4 , Entries 6-11).
Encouraged by this achievement, the versatility of the reaction was explored further by extending the methodology to the synthesis of bis-4H-chromene. When p-phthalaldehyde was treated with two equiv. malononitrile and resorcinol under similar conditions, the reaction proceeded cleanly to give the corresponding bis-4H-chromene (4r) in 97% yield. The order of yield of aldehydes is aromatic → heteroaromatic → acyclic aldehydes. The activity of aldehydes with electronwithdrawing groups is higher than that with electrondonating groups. The position of substituent in the benzene rings of aldehyde influences this reaction. The activity of o-aldehyde is lower than p-and m-benzaldehyde.
The reactivated catalytic reused four consecutive cycles without any significant loss in catalytic activity (Table 5) .
A plausible mechanism explaining the aforementioned results and the selectivity is depicted in Scheme 2. The process represents a typical cascade of Knoevenagel condensation, Michael addition, and a Thorpe-Ziegler type cyclization, which might initiate via two pathways, 
+
Scheme 2. The plasuable mechanism for one-pot synthesis of 2-amino-4H-chromenes. When P-N,N-dimethylaminobenzaldehyde was used as a starting material, component 9 was obtained. The structure of this component has been confirmed by physical and spectroscopic data such as; IR, 1 H NMR, 13 C NMR. In the 1 H NMR spectra, the disappearance of aliphatic proton signal around the δ = 5 ppm in compounds 4a-r and followed to appear the signals at δ = 8. (Fig. 2) ; therefore A route would be selected as a preferred route.
Conclusion
In summary, we have developed an efficient method for the synthesis of 2-amino-4H-chromene derivatives by means of a three-component reaction between resorcinol, aldehyde and malononitrile using a catalytic amount of nano MgO under neat conditions. This method has several advantages including high yields of products, easy experimental workup. The reactivated catalytic reused four consecutive cycles without any significant loss in catalytic activity.
